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Abstract
Introduction. Alginate impression material has the potential to act as a controlled release material, either for trans-
mucosal drug delivery, or for use as a self-disinfecting impression material in clinical dentistry.
Aim of the study. To study whether sodium fusidate could be released from alginate impression material and, if so, to 
determine the release kinetics.
Material and methods. Sodium fusidate was incorporated into alginate impression material at the mixing stage (2% 
by mass). The mixed material was pressed into a sheet and, once cured, discs (6 mm diameter x 2 mm thick) were cut 
out, and stored in water, one disc in a 5 ml volume. Small samples (20 μl) were withdrawn at time intervals of 1, 2, 3, 4, 
5, 24 h, 1, 2 and 3 weeks and analysed by HPLC.
Results. Sodium fusidate was released from the impression material in a process that was shown to be diffusion based 
for the first 5 hours or so. The diffusion coefficient was 2.25 x 10–5 cm2 s-1, and the release corresponded to 36.0 ± 1.0% 
of the total loading. The system thus shows promise for clinical application.
Key words: alginate, impression material, sodium fusidate, controlled release.
Streszczenie
Wstęp. Alginatowe masy wyciskowe mogą być potencjalnie użyte jako materiały służące do kontrolowanego uwalniania, 
np. leków wchłanianych przez błonę śluzową czy środków dezynfekcyjnych, które umożliwiałyby autodezynfekcję wyci-
sków w warunkach klinicznych.
Cel pracy. Ocena czy fusydan sodu może być wydzielany z alginatowych mas wyciskowych oraz ocena kinetyki wydzie-
lania.
Materiał i metody. Fusydan sodu wprowadzono podczas mieszania do alginatowej masy wyciskowej w proporcji 2% 
masowych. Z zamieszanego materiału uformowano cienką warstwę, po związaniu wycięto próbki w kształcie krążka (6 
mm średnicy x 2 mm grubości), każdą próbkę przechowywano oddzielnie w 5 ml wody. Po upływie kolejno 1, 2, 3, 4, 5, 
i 24 godzin a następnie 1, 2 i 3 tygodni pobierano niewielkie ilości roztworu, który poddawano analizie w HPLC.
Wyniki. Fusydan sodu w ciągu pierwszych 5 godzin był wydzielany z masy wyciskowej w procesie dyfuzji. Współczynnik 
dyfuzji wynosił 2.25 x 10–5 cm2 s-1, wydzielona ilość odpowiadała 36.0 ± 1.0%. W związku z tym ten system wydaje się 
być obiecujący w warunkach klinicznych.
Slowa kluczowe: alginate, masa wyciskowa, fusydan sodu, kontrolowane wydzielanie.
Introduction
Alginates are impression materials that have been 
used in a variety of forms for the controlled release of 
drugs [1]. This application is of growing importance in 
pharmacy because the classical approach of using 
tablets to deliver drugs may, in principle, lead to both 
unacceptably high dose of drug soon after admini-
stration and to poor targeting to the tissue of interest. 
These factors, in turn, may lead to possible unwan-
ted side effects and also to low efficiency [2, 3].
Alginates have acceptable properties for this 
use [4]. Depending on factors such as crosslink 
density, molecular weight distribution and possible 
chemical modification, they can have good phy-
sical properties and be resistant to swelling and 
degradation within the body [1]. They are polysac-
cherides derived from brown seaweeds of the La-
minaria genus [1]. The polysaccharide molecules, 
known as alginic acid, consist of linear block co-
polymers of -D-mannuronic acid and -L-guluronic 
acid. These molecules contain numerous pendant 
carboxylic acid groups that can be crosslinked by 
multivalent ions such as Ca2+ [5, 6]. As extracted, 
the polysaccharide molecules are typically neu-
tralized with Na+ ions, a state which renders them 
soluble in water [7]. Treatment with a calcium salt, 
such as CaSO4, leads to an ion-exchange reaction 
that yields a crosslinked polymer based on Ca2+ 
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crosslinks [8]. The crosslinked polymer is insoluble 
in water and also is elastomeric.
Release of drugs from alginate has been found 
typically to follow a diffusion mechanism. This me-
ans that it is a statistical process driven by a con-
centration gradient. Under these circumstances, 
the amount released varies with (time)½ [9]. Rele-
ase from alginates can be complicated because 
the set alginate contains various ions, for example 
Na+ and SO42− and when the alginate is immersed 
in water or an aqueous solution, an osmotic po-
tential is created that results in water being taken 
up [10]. Since this occurs in the opposite direction 
to the required flow of drug, release of the latter 
may be inhibited. However, as crosslinking deve-
lops fully, there is a decrease in osmotic potential 
which means that the driving force for water uptake 
is reduced, and may even be reversed, i.e. alginate 
starts to expel any water taken up earlier. 
Drugs have been incorporated into alginates by 
modifying the chemistry of the alginate, for exam-
ple, by grafting a series of covalent side chains to 
the polymer backbone and attaching the drug [1]. 
This was done with the drug duanomycin, an anti-
neoplastic agent [11], where carboimide functional 
groups were used to secure the drug to the poly-
mer. This structure is readily hydrolysed and, as 
hydrolysis occurs, so the drug is released. Drugs 
can also be incorporated without chemical modi-
fication, for example into the pores of an algina-
te structure, from which they can be released by 
simple diffusion. An example of this was the drug 
methotrexate, a folate antagonist useful in a wide 
range of oncological and non-oncological applica-
tions [13]. This was incorporated into an alginate 
carrier and found to be released at satisfactory le-
vels over a prolonged period [14]. This approach 
– simple incorporation – appears to be the more 
commonly used method [1], and is the one we 
have used in the present study.
In our study, we have employed a dental im-
pression material as our alginate delivery system. 
This follows from numerous recent studies of self-
disinfecting impression materials in which an ac-
tive molecule, such as chlorhexidine, has been 
added at the mixing stage [15]. The overall aim of 
such studies has been to address the concern that 
impression materials can contribute to the spread 
of infectious diseases through contamination by 
blood or saliva [15, 16, 17, 18]. This places various 
dental personnel (dentists, dental nurses, dental 
technicians) at risk, and this has led to the deve-
lopment of guidelines to limit cross-contamination 
arising from the use of dental impressions [19].
We have used the dental impression grade al-
ginate in an experimental study of the release of 
sodium fusidate. This substance is a general pur-
pose antibiotic that has a range of uses, and is 
becoming important against the increasingly pre-
valent methicillin-resistance Stapholococcus au-
reus, MRSA [20]. It is also of interest because of 
its anionic nature, since there is the possibility of 
it being trapped in the alginate by interaction with 
calcium ions. The nature and extent of its release 
is therefore of particular interest.
Material and Methods
Experiments were carried out using alginate im-
pression material (ex Kent Dental, UK) which is 
supplied as a powder to which water is added in 
the ratio 1 g powder to 2 cm3 water. The active 
component, sodium fusidate (ex Sigma-Aldrich, 
Poole, UK) was incorporated during the mixing 
process at 2% by mass. Freshly mixed material 
was placed between glass microscope slides to 
give a thin sheet (2 mm depth), then cured at room 
temperature for 30 minutes. After this, small discs 
were stamped out using a standard hole puncher 
for paper, giving discs of diameter 6 mm. A total of 
five were prepared for the release experiment. 
Specimens placed in individual 5 ml volumes 
of deionised water in plastic centrifuge tubes. The 
specimen tubes were stored at room temperature 
(20–22oC). For each specimen at appropriate time 
intervals (1, 2, 3, 4, 5, 24 h, 1, 2 and 3 weeks) a 20 
μl aliquot was removed and analysed using HPLC, 
giving altogether 40 samples for analysis. 
HPLC analysis was performed with an Agilent 
1200 series high performance liquid chromato-
graph, fitted with a C18 column (Type C18–00F-
3033-EO, 150 mm length x 4.6 mm internal dia-
meter). Isocratic elution was employed using the 
mobile phase of water 20%: methanol 80% with 
a drop of 0.01 M aqueous ortho-phosphoric acid. 
All solvents were HPLC grade (ex Fisher, Lough-
borough, UK) and the blended mobile phase was 
degassed before use.
The LC detector was set at a wavelength of 235 
nm and a flow rate of 2 cm3/min was used. The 
system was operated at room temperature and at 
approximately 100 bars of pressure. 
Results
Sodium fusidate was found to be released from 
the discs of alginate impression material in incre-
asing amounts with time over periods of up to 3 
weeks. The conditions used in the HPLC led to 
elution of sodium fusidate at a mean retention time 
of 6.7 minutes (± 0.5 minutes). The release profile 
is shown in Table 1. These data were calculated as 
Mt/M∞, and plotted against square root of time (in 
seconds) as shown in the Figure 1. This enabled 
the diffusion coefficient to be determined by using 
the slope, s, and substituting into
D = s2πl2/4
where 2l is the thickness of the disc. In addition, 
the total release was determined. Both values are 
recorded in Table 2.
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Discussion
Our findings show that the alginate impression 
material is capable of releasing sodium fusidate in 
a controlled way at room temperature. Sampling 
was carried out using 20 μl volumes, with a total 
of ten being taken from a 5.0 cm3 storage volume. 
This meant a total of 200 μl was removed over the 
time period of the experiment, which represents 
only 4% of the original volume of water. The volu-
me can therefore be considered to be approxima-
tely constant, despite the sampling.
Release was shown to occur by a diffusion me-
chanism since the plot of Mt/M∞ against square 
root of time was linear up to Mt/M∞ of about 0.5, 
i.e. 5 hours. In the case of the 2% loading, equili-
bration was more or less complete at 2 weeks, and 
was definitely complete by 3 weeks. The value of 
release at this time period is taken to be M∞.
Data were examined using the so-called Stefan 
approximation, i.e. 
Mt/M∞ = 2√(Dt/πl2)
This specifically neglects edge effects, and 
also any changes in dimension for the specimen, 
for example swelling caused by uptake of water. In 
both cases, these approximations seem accepta-
ble, and the system obeys this mathematical form. 
Release can therefore confidently be classified as 
a diffusion process.
The ease of diffusion of sodium fusidate from 
the alginate suggests that there is little or no ion-
-exchange with the calcium sulphate to cause bin-
ding of the fusidate anion within the alginate. This 
result is similar to that obtained with glass-ionomer 
cements [21], where sodium fusidate was included, 
and found to be released at a satisfactory rate over 
a two week period. It is not clear why sodium fu-
sidate is reluctant to undergo ion exchange within 
these materials to form the calcium salt, but this 
feature has now been confirmed for two very di-
stinct systems.
The system based on alginate is of potential use 
in oral transmucosal drug delivery because alginate 
is biocompatible in contact with the oral tissues, as 
well as non-toxic and economical [22]. A number of 
other anionic polymer systems have been used in 
this way, such as cross-linked polyacrylic acid and 
Table 1. Release profi le of sodium fusidate from algina-
te impression material (estimated standard deviations in 
parentheses)
Tabela 1. Profi l uwalniania fusydanu sodu z alginatowej 
masy wyciskowej (w nawiasach szacowane odchylenie 
standardowe)
Time/h Amount released/μg cm-3
0.5
1.0
2.0
3.0
4.0
5.0
24
168
336
504
20.0 (2.4)
22.0 (2.6)
27.7 (3.1)
35.6 (4.3)
36.8 (5.8)
41.4 (6.5)
58.8 (6.8)
80.3 (9.2)
83.9 (9.7)
84.8 (9.8)
Table 2. Release data for sodium fusidate (2%) in algi-
nate
Tabela 2. Uwalnianie fusydanu sodu (2%) w alginacie
Property Value
Diffusion coeffi cient/cm2s-1
Total release/%
2.25 x 10-5
36.0 ± 1.0
Figure 1. Plot of Mt/M∞ against √ time for sodium alginate (2%) released from alginate 
impression material.
Rycina 1. Wykres Mt/M∞ względem czasu √ dla alginianu sodu (2%) uwalnianego 
z alginatowej masy wyciskowej.
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sodium carboxymethyl cellulose, and these prove 
to be adhesive to the mucosa. This so-called “bio-
adhesive” character arises in part from the presen-
ce of the mucous coating on the tissue, and also 
from the ionic interactions of the functional polymer 
[23, 24]. The use of such systems for controlled 
drug delivery is a relatively new strategy, and is the 
subject of a considerable amount of current rese-
arch [25]. One of the reasons for the interest is that 
drug delivery to the mucosa is more effective that 
to the skin, because absorption rates are four times 
those of the skin, due to the rich blood supply wi-
thin the mucosa [26]. Alginates have the additional 
advantage that they are flexible, hence can be sha-
ped to take up the contours of the mucosa. Thus, 
overall, the system we have studied is promising for 
use in this developing field of drug delivery.
Conclusions
It has been found that alginate impression material 
can be used to deliver the drug sodium alginate in 
a controlled manner. Release of sodium alginate 
following diffusion kinetics for the first five hours 
or so, and led to the release of 36.0 ± 1.0% of the 
overall loading. The measured diffusion coefficient 
was 2.25 x 10–5 cm2 s-1. 
The system, which is based on a widely used 
and inexpensive polymer system, shows promise 
for oral mucosal drug delivery. Release was efficient 
and the flexibility of the final product would allow it to 
take up the contours of the oral mucosa when used 
in vivo. There is also the possibility of employing so-
dium fusidate with alginate as a self-disinfecting im-
pression material. This would offer protection from 
infection for dental personnel handling impressions, 
and could be advantageous given the effectiveness 
of sodium fusidate against MRSA.
Acknowledgment
We thank Kushal Mane MSc for assistance with 
the experimental work reported in this paper.
References
Augst A.D., Kong H.J., Mooney D.J. Alginate hydrogels as [1] 
biomaterials. Macromol Biosci. 2006;6:623–633.
Mazue G., Newman A.J., Scampini G., P. Dellatore, Hard [2] 
G.C., Iatropulos M.J., Williams G.M., Bagnasco S.M. The 
histopathology of kidney changes in rats and monkeys 
following intravenous administration of massive doses of 
FCE-26184, human basic fibroblast growth factor. Toxicol 
Pathol. 1993;21:490–501.
Langer R. Biomaterials in drug delivery and tissue en-[3] 
gineering: one laboratory’s experience. Acc Chem Res. 
2000;33:94–101.
Liew C.W., Chan L.W., Ching A.L., Heng P.W. Evaluation [4] 
of sodium alginate as drug release modifier in matrix tab-
lets. Int J Pharmacol. 2006;309:25–37.
Haug A., Larsen B., Smidsrod O. A study of the constitu-[5] 
tion of alginic acid by partial acid hydrolysis. Acta Chem 
Scand. 1966;20:183–190.
Boyd J., Turvey J.R. Structural studies of alginic acid, us-[6] 
ing a bacterial poly-L-gluturonate lyase. Carbohydrate 
Res. 1978;66:187–194.
Mackie W., Noy R., Sellen D.B. Solution properties of so-[7] 
dium alginate. Biopolymers. 1980;19:1839–1860.
Cook W.D. Alginate dental impression materials: chem-[8] 
istry, structure and properties. J Biomed Mater Res. 
1986;20:1–24.
Crank J. Mathematics of diffusion. Oxford University [9] 
Press; 1975.
Nallamuthu N.A., Braden M., Patel M. Some aspects of [10] 
the formulation of alginate dental impression materials – 
Setting characteristics and mechanical properties. Dent 
Mater. 2012;28:756–762.
Bouhadir K.H., Kruger G.M., Lee K.Y., Mooney D.J. Sus-[11] 
tained and controlled release of daunomycin from cross-
linked poly(aldehyde guluronate) hydrogels. J Pharm Sci. 
2000;89:910–919.
Bouhadir K.H., Alsberg E., Mooney D.J. Hydrogels for [12] 
combination delivery of antineoplastic agents. Biomateri-
als. 2001;22:2625–2633.
Barnhart K., Coutifaris C., Esposito M. The pharmacol-[13] 
ogy of methotrexane. Expert Opin Pharmacol. 2002;2:
409–417.
Bhanja S., Ellaiah P., Choudhury R., Murthy K.V., Panigra-[14] 
hi B., Kumar Padhy S., J Adv Pharm Res. 2010;1:17–25.
Wang J., Wan Q., Chao Y., Chen Y. A self-disinfecting ir-[15] 
reversible hydrocolloid impression material mixed with 
chlorhexidine solution. Angle Orthodont. 2007;77(5):
894–900.
Beyerle M.P., Hensley D.M., Bradley D.V. Jr, Scartz R.S., [16] 
Hilton T.J. Immersion disinfection of irreversible hydrocol-
loid impressions with sodium hypochlorite. Part 1: Micro-
biology. Int J Prosthodont. 1994;7:234–238.
Kugel G., Perry R.D., Ferrari M., Lalicata P. Disinfection [17] 
and communication practices: a survey of US dental lab-
oratories. J Am Dent Assoc. 2000;131:786–792.
Samaranayake L.P., Hunjan M., Jennings K.J. Carriage of [18] 
oral flora on irreversible hydrocolloid and elastomeric im-
pression materials. J Prosthet Dent. 1991;65:244–249.
American Dental Association Council on Dental Materi-[19] 
als. Instruments and equipment: infection control recom-
mendations for the dental office and the dental labora-
tory. J Am Dent Assoc. 1988;116:241–248.
O’Neill A.J., Chopra I. Preclinical evaluation of novel an-[20] 
tibacterial agents by microbiological and molecular tech-
niques. Expert Opin Investig Drugs. 2004;13:1045–1063.
Mulla Z., Edwards M.J., Nicholson J.W. Release of so-[21] 
dium fusidate from glass-ionomer dental cement. J Mater 
Sci, Mater Med. 2010;21:1997–2000.
Shojaei A., Li X. Mechanisms of buccal mucoadhesion [22] 
of novel copolymers of acrylic acid and polyethylene gly-
col monomethylether monomethacrylate. J Control Rel 
1997;47:151–161. 
Peppas N.A., Sahlin J.J. Hydrogels as muco-adhesive [23] 
and bio-adhesive materials: a review. Biomaterials. 
1996;17:1553–1561.
Smart J.D. The basis and underlying mechanisms of mu-[24] 
coadhesion. Adv Drug Del Rev. 2005;57:1556–1568.
Patel V.F., Liu F., Brown M.B. Advances in oral transmu-[25] 
cosal drug delivery. J Controlled Rel. 2011;153:106–116.
Madhav N.V., Shakya A.K., Shakya P., Singh K. Orotrans-[26] 
mucosal drug delivery systems: a review. J Controlled 
Rel. 2009;140:2–11.
Adres do korespondencji:
tel.: 44 (0) 208 244 4217
e-mail: J.W.Nicholson@smuc.ac.uk
